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Introduction
The formation of keloid scars(KS) after skin trauma is a significant clinical problem . They can actively persist for many years. Keloid scars and hypertrophic scars have a similar clinical appearance of excessive scarring. They are characterized by overproduction of the extracellular matrix, mainly type I collagen, fibronectin and proteoglycans, but keloids , unlike hypertrophic scars, show a tendency to grow beyond the sites of original injury without spontaneous regression [1] . After early stage of granulation, with predominance of macrophages and increasing number of fibroblasts synthetizing new extracellular matrix, tissue remodelling occurs through granulation tissue contraction. Keloid scar is a familial condition [2] , occurring more commonly in ethnic groups with darker skin [3] . The highest incidence of keloids is found in the black population, where it has been estimated to be around 4-6% and up to 16% in random samples of black Africans [4] . The mechanism of keloid scar formation is largely unknown [5, 6] . As increased familial aggregation, a higher prevalence in certain races, parallelism in identical twins, and alterations in gene expression favor the contribution of genetic risk factors to the development of keloid scar [7] , researchers proposed that the mode of inheritance in keloid scar is autosomal recessive; [8] however, no single gene has yet been identified. Some genetic markers have been reported to have significant importance in diagnosis, prognosis, and development of keloid scar.
A disintegrin and metalloprotease 33 (ADAM33) gene, is a member of ADAM family. ADAM33 protein is a zinc-dependent endopeptidase, with pro-domain, catalytic, disintegrinlike, cysteine rich and epidermal growth factor-like domain [9] . It is abundantly expressed in smooth muscle and fibroblasts [10] . ADAM proteins are involved in cell adhesion, cell fusion, cell signaling, and proteolysis [9, 11] . The latter can be illustrated by the capacity to shed cytokines, growth factors, or their receptors from the cell surface and the remodeling of extracellular matrix compo-nents. Garlisi demonstrated that ADAM33 is an active proteinase that is able to cleave α2-macroglobulin [12] and synthetic peptides [13] . The enzymatic activity of ADAM33 can be inhibited by tissue inhibitor of metalloproteinase-3 and -4 (TIMP-3 and -4, respectively) as well as several small molecules [13] . This suggests that ADAM33 is involved in pulmonary defenses and tissue remodeling. Van Eerdewagh found the SNPs in ADAM33 gene was associated with asthma and bronchial hyper-responsiveness, it is the first time that ADAM33 gene was identified as a susceptibility gene for bronchial hyper-responsiveness by positional cloning techniques [11] . Furthermore, ADAM33 has been correlated with many cutaneous inflammatory and immune-mediated disorders [14] [15] [16] . We used a case-control study to systematically investigate the association between ADAM33 polymorphisms and keloid scar. We determined the prevalence of single nucleotide polymorphisms (SNPs) and haplotypes of the ADAM33 gene using 573 samples (283 keloid scar patients and 290 healthy controls) from the Han population of northeastern China. Our study provides significant data to support the involve-ment of ADAM33 in the pathogenesis of keloid scar.
Materials and Methods
The case-control study consisted of 283 northeastern Chinese individuals with keloid, and 290 healthy Chinese individuals as controls. 283 keloid patients whose diagnose was confirmed by dermatologists in the First Affiliated Hospital of Harbin Medical University. Rigorous clinical criteria were used to differentiate KD from HTS, to limit the potentially confounding effects of misdiagnosis. We defined a keloid scar as a dermal lesion that had spread beyond the margins of the original wound, continued to grow over time, not regressed spontaneously commonly following excision and been present for a minimum of 1 year.
All the patients were interviewed, and a full medical history was obtained using a proforma. Every patient's scar was examined and photographed. 290 healthy individuals with no personal or family history of abnormal scar, were selected from Medical Examination Center of the First Affiliated Hospital of Harbin Medical University as controls. The detail characters were shown in Table 1 .All individuals both in case and control groups were informed consent. The study was carried out with the approval of the clinical research ethics committee of Harbin Medical University. Genomic DNA was extracted from 200μl of peripheral blood using the Qiamp DNA Blood Mini Kit (Qiagen, Germany) and following the manufacturer's protocols.
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SNP Genotyping
Genotyping was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The polymorphic region was amplified by PCR using a T-Gradient Thermoblock PCR System (Iometra, Germany) in a 25 μl reaction solution containing 0.3μg genomic DNA, 10× PCR buffer, 0.3 mM MgCl 2 , 0.2mM dNTPs, 2 U TaqDNA polymerase (Takara, Japan), and 0. Table 2 . According to the manufacturer's instructions, PCR products were digested overnight with restriction enzymes (NEB, UK)and analyzed by agarose gel electrophoresis. 
Results

Frequency distributions in alleles and genotypes of ADAM33 polymorphisms
Deviations from Hardy-Weinberg equilibrium were not seen in case and healthy groups for any of six SNPs. The genotype and allele frequencies of all six ADAM33 SNPs in the two groups are shown in Table 3 and Table 4 . The genotype frequencies of Q-1[rs612709] AA, CG were higher in keloid scar groups than those in controls (P<0.0001, OR =0.198, 95% CI=0.103-0.379 and p <0.0001, OR=2.356,95% CI=1.686-3.295,respectively) (shown in Table 3 ). As shown in Table 4 , the frequency of the rs612709 A allele exhibited a significantly 
ADAM33 haplotype analysis
The haplotypes of cases and controls were constructed using Haploview 4.1 software. The haplotypes were selected for further analysis which frequencies were not less than 1.0%. There were 11 haplotypes in all samples. Haplotype analysis showed that the frequencies of H2 (GGAAGA) haplotypes was significantly higher in the case group than in the control group (P= 0.041,). In contrast, the haplotype H8 (GGGAGG) was more common in the control group than in the case group (P=0.022). The details were seen in Table 5 .
Discussion
The present study is the first demonstration of an association between ADAM33 polymorphisms and keloid scar in an East Asian population. Using a case-control design, we investigated the relationship between human peripheral blood ADAM33 polymorphisms and keloid scar in northeast China. Our results showed that the Q-1 SNPs in blood was significantly associated with keloid scar. As multiple SNPs may act in combination to increase the risk of keloid scar, haplotypes were constructed, and their frequencies were compared between the case and control groups. The haplotype data suggests that the GGAAGA haplotypes may be risk factor for keloid scar. In contrast, the GGGAGG haplotype may be a protective factor for the disease.
Keloid is defined as a scar growing continuously and invasively beyond the confines of the original wound and is characterized by excessive fibroblast proliferation and deposition of extracellular matrix and collagen fibers [17] . Although the familial nature of the disease and its reported presence in identical twins has long indicated a genetic component to keloid scar pathology ,the exact aetiopathogenesis of keloid scar is unknown [18, 19] . Genetic studies have yet to identify a gene or genes involved in keloid scar. Using a case-control association study approach, it is possible to attempt to test candidate gene loci that may be involved in keloid scar pathogenesis.
There are more than 30 members of the ADAM (adisintegrin and metalloprotease) family of proteins with orthologues in several species.ADAM33 gene, mapped on chromosome 20p13, is a member of ADAM family. ADAMs are membrane-anchored metalloproteases that play key roles in cell-to-cell interactions and shedding of pro-protein ectodomains [20, 21] . ADAM33 protein is a zinc-dependent endopeptidase, characterized by a pro-domain, metallo-protease, and disintegrin domains, a cysteine-rich region sometimes containing an EGF repeat, a transmembrane domain, and a cytoplasmic carboxyl-terminus. [9] . ADAM33 gene was identified to be associated with asthma and airway hyperresponsiveness (AHR) by positional cloning [11] . Furthermore, ADAM33 has been correlated with many immune mediated disorders [14] [15] [16] . And that, many researchers assessed the expression of ADAM33 protein in human lung tissue, primary bronchial smooth muscle cells, and a fibroblast cell line (MRC-5).ADAM33 belongs to a family of type I transmembrane metalloproteinases. These integral membrane glycoproteins play important physiological roles in fertilization, myogenesis, and neurogenesis due to their participation in cell-cell interactions and proteolytic release of cell surface membrane proteins such as cytokines, growth factors,and receptors [22, 23] . Q-1 is located in the intron immediately before exon 16, which contains an epidermal growth factor (EGF) domain [24] . ADAM33 is closely related to matrix metalloproteases, but may bind EGF directly. A disturbance in the EGF domain will likely affect regulation of ADAM33. Through alterative splicing, exon 16 can be spliced out, giving rise to the β-variant of ADAM33. This variant was found in 30% of ADAM33 mRNA transcripts in pulmonary fibroblasts [23] . Because the EGF domain is incom-plete, it has been suggested that the β-variant prevents maturation of ADAM33 and may exert a dominant negative effect [25] . The intronic Q-1 SNP may therefore influence the splicing of the β-variant and disturb the maturation of ADAM33. Subsequent effects on protease activity may result in a defect in tissue repair after inflammation-induced damage. This may be involved in the mechanism of keloid scar formation. Several limitations in this study need to be addressed. This study was a single-center cohort investigation on a relatively small scale, and thus, replication studies with large independent cohorts are warranted. Secondly, we did not detect the ADAM33 expression in keloid scar tissue. Based on the results in blood sample, next we will perform the experiment in human tissue. The detection of ADAM33 protein will help to clarify the effect of the genetic variants of ADAM33 gene on keloid scar formation.
Conclusion
In summary, our results suggest that the ADAM33 gene polymorphism was associated with keloid scars in the northeastern Chinese Han population.
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